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Specification 

Metal material having formed thereon chromium oxide paeclvc 
film and method for producing the same, and parts contacting 
5 with fluid and system for supplying fluid and exhausting gas 

1 Ttsuhiiicsttl. FlftlrT of 1-hg Invention ^ 

j The present invention relates to metallic material on which 

j a chromium- oxide passivation film is formed and a method for 

■ 10 manufacturing the same, and a fluid supplying / exhaust system. 

J 

1 Background ArL 

u 

3 In semiconductor manufacturing technology, gasA?; wi th a hard 

corrosive action such as hydrogen chloride or hydrogen bromide 
15 or gases with a hard decomposing action such as silane, diborane, 
phosphine or the like have been used. Since the gases hard in 
corrosivity easily corrode usually used slainlesa steel (SUS 
316L) to result in metal contamination due to corrosion on a 
semiconductor substrate, a semiconductor with high reliability 
20 has been difficult to manufacture. 

Moreover, since the gases with the hard decomposing action 
arc decomposed easily due to nickel hard in catalytic action 
on the stainless steel, and desired gases are difficult to 
supply with a desired concentration, the semiconductor high in 
25 reliability has been difficult to manufacture , In recent years , 
a technology for forming a chromium- oxide passivation film has 
httAn mtrnrturftfl in orrler to solve the problems described above. 
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However, a development of the metallic material, and a surface 
treatment technology prior to oxidizing treatment or various 
technologies such as a technology for supplying an ox.-i.d1 zing 
atmosphere such as temperature and a component ratio in 
5 oxidizing gases have been required in order to form the 
chromium- oxide passivation film. Therefore, it has been 
impossible to form the chromium- oxide passivation film onto the 
optional metallic material and parts inexpensively. 
Moreover, although it has been a technology coating chromium 
10 for improvement of corrosion resistance according to the prior 
art, it has been not excellent since it is poor in adhesion, 
moreover, chromium has a large internal stress, crack is caused, 
so that corrosion is caused at an interface between the metallic 
material and the coat film. Although a crack-free chromium 
15 coating technology has been developed in order to solve these 
crack, fracture due to distortion at processing are caused since 
a film thickness is thicken excessively, thereby corrosion 
being caused. 

Moreover, there has been problem that although a dual -layers 
20 chromium coating technology has been developed in order to solve 
this fracture due to distortion, this technology also is 
different each other in coating processes and results in an 
increase in cost, so that it is poor in productivity. 
Moreover, there has been a technology that heat treatment is 
25 performed after metal coating. However, there have been 
problems in these technologies that vacancies (pinholes) exist 
on the surface after coating, the coat film is peeled off, or 
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the film obtained after heat treatment is a composite -oxide film 
or has a property of ceramic, and since the metal material or 
the substrate layer is contact with corrosive gases when 
vacancies exist, corrosion progresses on the interface between 
5 the metal of the substrate layer and the coat film, and the 
desired corrosion resistance can not be obtained because of the 
composite -oxide film, furthermore, it is poor in workability 
because of the property of ceramic, 
ffl The object of the invention is to provide metallic material 

j'ij 10 on which the chromium-oxide passivation film high in 



Q 



productivity is formed and a method for manufacturing the same 
by forming the chromium -oxide passivation film excellent in 
corrosion resistance inexpensively and in a short time. 



w 

Q 

LH The object of the invention is to provide the parts contacting 



pj 15 with fluid and a fluid supplying system capable of supplying 
safely fluid hard in corrosivity by forming the chromium- oxide 
film excellent in corrosion resistance without containing an 
oxide film of other metal. 



20 Disclosure of the Invention 

The metallic material according to the invention on which the 
chromium- oxide passivation Is formed comprises the passivation 
film consisting of the chromium oxide obtained by oxidizing the 
chromium coat on the metallic material of which surface 
25 roughness (Ra) is not more than l.5im. 

A method fur aianuf auLuxiuy the metallic material according 
to the invention on which the chromium- oxide passivation is 
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formed comprises a step of forming the passivation film 
consisting of the chromium oxide by applying heat treatment in 
an oxldizina atmosphere after coating chromium on ttm metallic 
material of which surface roughness (Ra) of a coat surface is 
5 not more than 1.5im. 

Parts contacting with fluid and a fluid supplying / exhaust 

™: system according to the invention are characterized toy that 

'ill 

!IQ these are constituted by the metallic material on which the 

i'O 

i s Q chromium- oxide passivation film having the passivation film 

ry 

$ 10 consisting of the chromium oxide obtained by oxidizing the 
chromium coat are formed on the metallic material of which 

H 

surface roughness (Ra) ia not more than 1.5im. 

UJ 

a 

q Brief Description of the Drawings 

15 Fig. 1 is a schematic view of a gas supplying system used in 
a chromium- oxide passivation film according to the invention. 

Fig. 2 is a view chewing a result by evaluating chromium- 
oxide passivation film after oxidizing treatment by 
photoelectron spectroscopy. 
20 Fig. 3 is a view showing results by evaluating surface 
roughness (Ra) dependence of corrosion resistance of the 
chromiiim-oxi A* passivation film according to the invention by 
SEM observation. 
Fig. 4 is a view showing results by SEM observation of the 
25 sample after corrosion test by chlorine gas of sample by using 
a method for manufacturing the chromium- oxide passivation film 
according to the invention and sample which oxidizing treatment 
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is not given r and sample after cleaning with ultra pure water 
after corrosion test. 
(Explanations of CharantAr.^ 

101 flow-rate adjustment device 

102 fluid control valve 

103 reaction chamber 



Best Mode for Carrying oiit the TnvArtj-imi 
CO This invention comprises a step of forming a passivation film 



rU 1 0 consisting of chromium oxide excellent in corrosion resistance 

m 

,?j on an optional metallic material by giving heat treatment in 



an oxidizing atmosphere on a ourfaoc obtained by coating 
chromium onto the metallic material (for example, copper 



UJ 

\r\ material) of which surface roughness (Ra) is not more than 

I s ! f 15 l*5lm. 



In the invention, a contact ability of an interface between 
■the metallic material and a coat film is improved by coating 
chromium onto the metallic material of which surface roughness 
(Ra) is not more than 1 . 5i, in addition, to strengthen a coupling 

20 force of the interface by applying heat treatment to solve the 
poorness of the conventional adhesion, and in addition, the 
chromium -oxide passivation film Axcellent in corrosion 
resistance can be formed by applying oxidizing treatment. 
This invention comprises a step of forming the passivation 

25 film consisting of the sealed chromium oxide excellent in 
corxoslori r*esis lance by applying heat treatment in the 
oxidizing gas atmosphere on the surface of the metallic material 
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on which chromium is coated. According to the invention, the 
problem of interface corrosion caused due to the presence of 
vacancies (pin holes) can be solved, in addition, the 
chromium-oxide passivation film excellent in corrosion 
5 resistance can be formed by applying oxidizing treatment. 

In this invention, definition of the metallic material, 
p definition of the shape of the parts and precise control of the 

oxidizing atmosphere are not required, and it becomes possible 
to form the chromium- oxide passivation film onto the optional 
IHJ 10 metallic material and the parts inexpensively as compared to 
,.y a chromium- oxide passivation treatment of the prior art. 

Definition of the metallic material and the shape of the parts 
and precise control of the oxidizing atmosphere are not required, 

LH whereby improvement in productivity can be realized. 

CJ 

I'll 15 Although there have been problems in the conventional 
chromium- oxide passivation treatment technology that there is 
a problem in production cost and productivity is poor, since 
the concentration of the oxidizing gas is low as is 10 ppm to 
several hundreds ppm, moreover, the range of the concentration 
20 also is narrow and so use of special parts for an oxidizing-gas 
supplying system and a special diluting technology are required 
in orflAr to nontrol the concentration precisely and monitor for 
control of the concentration also is required in treatment 
temperature, the range of the forming condition for formation 
25 of the chromium- oxide passivation film can be set widely 
according to the present invention, whereby the chromium- oxide 
passivation treatment inexpensive and high in productivity can 
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be realized. 

The chromium- oxide passivation film excellent in corrosion 
resistance becomes possible to form on the optional metallic 
material and the parts inexpensively and in a short time 
5 according to the invention, the fluid supplying system capable 
of supplying fluid with the hard corrosive action in safety can 
p be constructed. 

m 

m 

:\ Embodiments 

;i| 1 0 Although a forming technology of a chromium- oxide passivation 

H film as well as the parts contacting with fluid and a fluid 

'A 

Q supplying / exhauct system according to the invention will be 

w 

Q described with reference to the drawings as described below, 

j«j the invention should not be limited to these embodiments. 

*m 15 Although a chromium-coat film used for this experiment is 
deposited by a plating method, in addition thereto, deposition 
may be performed by coating technologies such as an ion-plating 
method, HIP method, a sputtering method- Deposition may be 
performed by two-steps forming method which is designed to f oiro 
20 by the sputtering method initially and then to form by the 
plating method thereon. 

Moreover, baking is preferably performed once at low 
temperature of 100 QC to 200 oc in high-purity inert gas 
atmosphere (the concentration of moisture is not more than 10 
25 ppm) and then heat treatment is performed, when forming the 
chromium-coat film by a wet -type plating method. 
Moreover, an annealing processing is preferably performed 
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after heat treatment. 

Moreover, austenite system stainless steel (SUS316L) was use a 
for the metallic material to be oxidized, 
(Embodiment 1) 

5 Fig. 1 is a schematic view of a gas supplying system performing 
treatment for the chromium- oxide passivation film according to 
,„j the invention* Argon ic introduced as an inert gas and oxygen 

? lj as an oxidizing gas for dilution in the gas supplying system. 

SI The chromium- oxide passivation film was formed using this gas 

r|j 10 supplying system. 

;Vj In this embodiment , an influence of the surface roughness (Ra) 

£„j of the metallic material to be oxidized was searched by 

y ' corrosion test with chlorine gas . Oxidizing conditions are 500 

LR GC, 30 min, oxygen of 50 % (diluted by argon). 

|°y 15 Fig. 2 shows a result measured by evaluating chromium- oxide 
passivation film by ESCA100, made by Shimazu Seisakusyo after 
oxidizing tr^atrnftnt . 

From the results, it was verified that the chromium- oxide 
passivation film of substantially 100 % has been formed, which 
20 is approximately 30 nm from the outermost surface. 

The corrosion test is performed under the condition of sealing 
chlorine gas of 100 % under not more than 5 Kgf /am 2 at 100 QC 
for 24Hr through an accelerated test. Surface observation was 
performed by JSM-6401F, made by Nippon Densi Kabusikikaisya 
25 after oxidizing treatment. 

Fig. 3 shows results after the cuxxusloii test. From the 
results, it was not verified that corrosive products exist in 
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the case of the surface roughness (Ra) of not more than 1.51m. 
whereas the corrosive products have been scattered in the case 
of not less than 2im. It is guessed that adhesion of the 
interface between the metallic material and the chromium- coat 
5 film deteriorates, so that clearance corrosion is caused as the 
surface roughness (Ra) becomes large. 

Prom the results ac described above, it is guessed that the 
chromium- oxide passivation film having corrosion resistance, 
£Q which is excellent in adhesion of the interface between the 

i a y 10 metallic material and the chromium- coat film can be formed when 

cri 

jj the surface roughness (Ra) of not more than 1.5im. 

Moreover, the chromium- oxide passivation film further 
excellent in durability can be formed by allowing to coat a metal 
on the metallic material to be oxidized in pretreatment for 

'■J 

rtj 15 forming the chromium-coat film to improve adhesion onto 
chromium and to prevent cracK and fracture due to distortion. 

Mnrp.over, the more close-grained and tight chromium- oxide 
passivation film can be formed by doping with hydrogen into the 
oxidizing gas* 
20 (Embodiment 2) 

The accelerated corrosion test of the sample on which 
oxidizing treatment was given in the same condition as 
Embodiment 1 and the sample on which oxidizing treatment was 
not given was performed under the condition of sealing chlorine 
25 gas of 100 * under not more than 5 Kgf /cm 2 at 100 QC for 24Hr. 
Fig. 4 shows the results by SEM observation after Lhe corrosion 
test by JSM-6401P, made by Nippon Densi Kabusiklkaisya after 
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oxidizing treatment, as well as the results by SEM observation 
of the sample after cleaning with ultra pure water after 
corrosion test* 
From the results, it was not verified that corrosion exist 
5 for the sample on which oxidizing treatment was given, whereas 
the corrosive products have been scattered for the sample on 
which oxidizing treatment was not given. 
Moreover, it has been guessed from the results that SEM 
CO observation was performed after cleaning the sample after 

fy 10 corrosion test with ultra pure water to remove the corrosive 
^ products or the like that changes was not observed for the sample 

% cn which oxidizing treatment was given, whereas there were the 

vacancies (the pin holes) of a diameter of approximately O.lim 

ill on the site where the corrosive products were removed for the 

i S0 J 

i=y 15 sample on which oxidizing treatment was not given, and this was 
corrosion contributed to the pin holes existing after plating. 
It has been found by these experiments that there axe the 
vacancies on the coat film used for the prior art, and corrosion 
caused by the vacancies is progressing, however, the vacancies 
20 are filled according to the invention, whereby the 
chromium-oxide passivation film which is close-grained and 
excellent in corrosion resistance can be formed on the outermost 
surface . 

25 A pplicability for the Industi^y 

According to the present invention, the passivation film 
consisting of chromium oxide excellent in corrosion resistance 
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onto the optional metallic material can be formed. 

According to the present invention, the conventional problem 
of interface corrosion caused due to t.h* presence of the crack, 
fracture due to distortion and the vacancies (pin holes) or the 
5 like can be solved, in addition, the chromium-oxide passivation 
film excellent in corrosion resistance can be formed by applying 
j-j oxidizing treatment. 

m 

According to the present invention, definition of the metallic 
material, definition of the shape of the parts and precise 
10 control of the oxidizing atmosphere are not required, and it 
becomes possible to form the chromium- oxide passivation film 

a 

ijj onto the optional metallic material and parts inexpensively as 

compared to a chromium- oxide passivation treatment of the prior 
art, and definition of the metallic material and the shape of 
15 the parts and precise control of the oxidizing atmosphere are 
not required, whereby improvement in productivity is realized. 
According to the invention, tho fluid supplying system capable 
of supplying fluid with the hard corrosive action in safety can 
be constructed. 
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